Tangible User Interfaces (TUIs) can bridge real-world physical objects with the digital world, which is beneficial for children with ASD. However, at present, most TUIs have been developed for children in affluent countries. Hence, this paper presents the evaluation of a TUI designed to support children with ASD in a low-resource country. The main objective of this study is to explore the initial usability of the proposed prototype among children with ASD and identify potential improvements to enhance the usability of the intervention. The preliminary evaluations were conducted with 20 Sri Lankan children with ASD and their special education teachers. This study identified four lessons for designing TUI such as including audio prompts to enhance tangible interactions, designing the structure of the tangibles to avoid fingers touching the iPad, add appropriate helper cues in graphical interchange format, and avoid having multiple tangibles with similar properties. Findings of this study lead to several design guidelines for developing affordable TUIs for children with ASD.
Introduction
Autism Spectrum Disorder (ASD) can be categorised as a pervasive neurodevelopmental disorder that can appear from a very early stage of childhood [6] . Individuals with ASD have noticeable difficulties in language, social and communication skills along with spatial and motor integration deficits that could potentially affect their day-to-day activities, relationships with other people and quality of life [15] . Furthermore, children with ASD may have visual, spatial and motor integration issues due to uneven development in their cognition [19] , making it harder for them to engage in their natural process of learning.
With the advancement of technology, many researchers have designed technology-based interventions for children with ASD. These interventions include the use of interactive software applications and special input devices [13] , virtual environments [8] , robots [40] and tablet games [25] . These studies show promising results for autism communities. Furthermore, prior research has discovered that interactive applications like computer software and tablet applications can effectively be used at school and therapy settings for children with ASD, as they foster independent learning with visual and auditory feedback in a structured and intuitive manner [1, 12, 23] . Some experimental and explorative studies have demonstrated that technological interventions can improve many core impairments such as social deficiencies [24, 39] , communication challenges [7] and emotional intelligence levels [16] of children with ASD.
Although technology can be favourable for most children with ASD, most of the current technological interventions in use (such as iPads, tablets and tabletop applications, and virtual reality software programs on a computer) only support 2dimensional learning with visual and auditory support. These tools lack the benefit of 3D learning and the use of real-world objects that support more effective or more natural learning [34] . However, interacting with the physical world is also important in developing cognitive understanding, abstract representational skills and fine-motor control skills in young children. Development psychologists like Piaget have emphasised the importance of manipulating and exploring physical objects for children to enhance social, language and cognitive skills [26] .
Tangible User Interfaces (TUIs) are a new type of interface that connects physical objects with digital technologies [31] . TUIs have demonstrated their potential in supporting children for their learning activities over the past ten years. TUI-based technologies can effectively be used to avoid the limitations of other technological interventions, as they embed digital technology into a relationship with graspable forms, blending the best of both digital and tangible worlds [30] . Most of the TUI-based tools are designed using tabletop devices as an input Permission to make digital or hard copies of all or part of this work for personal or classroom use is granted without fee provided that copies are not made or distributed for profit or commercial advantage and that copies bear this notice and the full citation on the first page. Copyrights for components of this work owned by others than ACM must be honored. Abstracting with credit is permitted. To copy otherwise, or republish, to post on servers or to redistribute to lists, requires prior specific permission and/or a fee. Request permissions from Permissions@acm.org. TEI '20, February 9-12, 2020 , Sydney, NSW, Australia © 2020 Association for Computing Machinery. ACM ISBN 978-1-4503-6107-1/20/02…$15.00. https://doi.org/10.1145/3374920.3374951 device and as a visual feedback display for the children, which enable children to engage in natural and direct interactions [20] . In addition to tabletop-based TUIs, researchers have built smart toys, such as Polipo [37] , which offer various multisensory stimuli aimed at promoting fine-motor skills of children with ASD. Similarly, researchers have also designed tangible educational interfaces, such as the audio-augmented TUI, ReduCat, for therapists to engage with children with ASD in educational activities via social stories [2] . Despite these cited works [10, 11, 33, 37, 38] , this research field is still relatively new. Most of these studies mainly focused on children in developed countries like Australia, the United States (US) and the United Kingdom (UK), using expensive technologies such as tabletop devices. However, such technologies might not be sustainable for children in low-resource countries. Hence, this paper evaluates the applicability of using a low-cost TUI-based intervention designed for children with ASD in low resource countries like Sri Lanka.
There are several challenges to adopting technological interventions for children with ASD in low-resource regions. A Sri Lankan study has shown that two of the barriers to using technology for children with communication disabilities are the cost of using mobile technologies (i.e., iPads and smartphones) for personal use and lack of parental knowledge of using technology for children [14] . Similarly, Sharma et al. (2018) have shown in their study, that there can be several difficulties when attempting to introduce technology for low-resource regions, including limited access to resources such as electricity and the internet. There is also the problem of knowledge about application use and the knowledge of suitable applications; technology may be considered expensive for individual use, and there may be cultural barriers to using technology for children with ASD. However, this study [32] also illustrated several recommendations to avoid such challenges. One such recommendation is to design tools with end-users (i.e., therapists and special education teachers) collaboratively, which may lead to there being or developing more acceptance of the use of technology within ASD communities. Additionally, developing for diverse children for collaborative use in a group setting would allow multiple children to use the same technology at a given time. Furthermore, educating parents and practitioners on the use of technology and its limitations would reduce possible harmful effects of using technology for children with ASD. Such guidance might also allay fears of harmful effects from technology. Additionally, Sharma et al. reported that "Giving control to the educators" may also increase the acceptance of using technology in ASD communities when designing technologies for children in developing countries [32] . Additionally, for technology acceptance, it is important to design tools that are culturally applicable and relatable for the autism communities [3] . Our previous work has shown that most Sri Lankan therapy centres use physical toys that are relatable when designing traditional therapeutic activities for children with ASD [35] . Hence, we designed the proposed prototype using relatable and culturally applicable toys that are commonly used by Sri Lankan children with ASD. The main objective of this study is to explore the initial usability of the proposed prototype among children with ASD and identify potential improvements to enhance the usability of the intervention. The TUI used in this study is called POMA -Picture to Object Mapping Activity. Although POMA is co-designed and evaluated with Sri Lankan practitioners [35, 36] , it is not feasible to finalise the prototype based on adults' evaluation feedback only, as adults may not be able to see the child's world completely. Furthermore, studies have shown adult-evaluation may miss vital issues that could arise when the final product is used by the children [9] . To address such concerns, prior studies [20, 37] have used evaluation methods and usability studies with children before finalising the product development. For instance, Marco et al. (2013) used usability studies with special needs children after developing a TUI-based farm game [20] . Therefore, in the present study, we conducted an evaluation with children with ASD and their practitioners before finalising the product. Additionally, it should be noted that very young children, especially children with ASD, are unable to read and understand, verbalise and perform logical thinking compared to adults [21] . Furthermore, young children have limited capabilities to translate their experience to words and verbalise [21] . Hence, in this study, we conducted a focus group session with the practitioners who work closely with children to discuss their experience of using POMA with children. 
POMA: A TUI-based iPad game
POMA (Picture to Object Mapping Activity) is a TUI-based iPad game that uses everyday used pretend play toys (iPPy toys) to interact with multi-touch screens. POMA design was centralised around object discrimination and picture to object mapping activities, where children were requested to place the appropriate iPPy toy on the iPad screen based on the visual and auditory feedback (see Figure 1 ). Furthermore, POMA supports four activities and six levels starting from single-player modes to multiplayer modes of gameplay for children where two children can share the physical toys among each other and play together. The multiplayer mode of play functionalities is designed to facilitate collaboration and turn-taking skills of young children with ASD. The iPPy toys of POMA were designed using a set of cost-effective and culturally applicable pretend play toys that are commonly used by Sri Lankan children with ASD in their therapy settings (see Figure 2 ). To make these pretend play toys interactive and recognisable by multi-touch surfaces, we embedded capacitive touchpoint patterns on the bottom layer of each interactive toy (see Figure 3 ). The total cost for one set of toys (animal-shaped toys with ten animal type iPPy toys) is around 2.75 USD. To give a variety of interactive pretend play toys (iPPy toys) for children, in consultation with the Sri Lankan therapists, we selected four different categories of play toys that are commonly used by children with ASD in Sri Lanka (see Table  1 and Figure 2 ).
Figure 3: Conductive foam touchpoint patterns embedded in the bottom layer of the iPPy toys
To play with POMA, practitioners first need to store details of each child via the administrative functionality. This allows POMA to keep track of each child's behaviour and the usage of POMA individually. Once POMA has the information on the children, practitioners can start playing POMA with children by selecting the most suitable activity, level and the background colour of their (child's) choice. For each activity, children get to place an iPPy toy, based on the image displayed on the iPad screen to get points. For each correct response from the children, they are reinforced verbally by the iPad and tokens were awarded. After a specific period, the game ends with multisensory reinforcements and practitioners can move on to other levels and activities.
Evaluation

Participant
We recruited five special education teachers and 20 children with ASD (mild: 14, moderate: 6). Special education teachers and children were recruited via a privately held local autism centre in Colombo Sri Lanka. As this centre was established to provide support for around 100 children aged 2-15 years with ASD in Sri Lanka, it was an appropriate place to hold such a study. Ethical approval for this study was obtained from our University's ethics committee, and special education teachers' consents were obtained prior to their participation. Special education teachers were recruited for this study if they had a minimum of four years of experience in one-to-one teaching for children with ASD in recognised primary schools in Sri Lanka and had experience using technology with children with ASD. Children with ASD were recruited if a) they have a medical diagnosis of autism according to DSM V diagnosis criteria, b) diagnosis of ASD is mild or moderate, c) age range of 3-6 years and d) having hearing and vision within the normal range (6/6 vision, hearing ranging 0-20 dB) limits (aided or unaided) based on the parents' reports. Before recruiting the children, we obtained written consent from parents/caregivers of the children.
Procedure and Data Analysis
Before conducting the study, the first author described the functionalities of POMA and iPPy toys to each special education teacher and gave them time to explore the system. Once the special education teachers were familiar with the system, recruited children were paired with special education teachers to play POMA. At the beginning of each session, practitioners first configured the iPad to use guided access with POMA. This is carried out to prevent children from accessing other applications (such as YouTube) in the iPad during the sessions. During the evaluation session, practitioners introduced the iPPy toys to each child starting from iPPy shape-toys. Depending on the child's preference, special education teachers switched the iPPy shapetoys to the other toy categories, namely, iPPy animal-toys, iPPy vegetable toys and iPPy fruit toys. After introducing the toys to the children individually, practitioners started playing the iPad application with children starting from the most basic level (Level 1). Practitioners were given the freedom to choose the activities that best responded to the child's needs and lead the session. If a child performed well in a given level (i.e., a child places the correct objects at least 60% of the time), he/she was promoted to the next level by the practitioner. The child was asked to repeat the level until they performed well, if otherwise. Each practitioner got to work with POMA at least with two children with ASD. After concluding all the evaluations sessions, a single focus group session was conducted with the practitioners to discuss the issues children faced while playing POMA and identify potential improvements to mitigate such issues.
The focus group session was conducted in the native language of the participants. This focus group was conducted at the same local autism centre. The session was audio recorded and lasted for 50 minutes. The audio recordings were translated into English language and analysed using thematic analysis methodology defined by Braun and Clarke [4] .
Issues Identified and Proposed Solutions
The study found out that all the children with ASD were able to complete up to level 2 of POMA with all four activities. And 16 children with ASD were able to complete up to level 4. However, none of the children with ASD was able to complete level 6 of the POMA application, and none of the children with moderate ASD was able to go beyond level 4 of POMA. However, six children with mild ASD were able to complete level 5. It was further observed that only two children with moderate ASD were able to complete level 3, and only one child with moderate ASD was able to complete level 4, during the allocated time frame.
Findings of the focus group session revealed that most children with ASD were able to use iPPy toys appropriately. Furthermore, practitioners were satisfied with the cultural applicability and the cost-effectiveness of the POMA as we used existing pretend play toys in the therapy centre to create the interactive toys. However, findings further revealed several issues about some of the design features of iPPy toys and the ways of using them with children with ASD. These issues were classified into a set of lessons learned, which can be used to improve the future versions of POMA and TUI designs for children with ASD.
Lesson 1: Include audio prompts to enhance tangible interaction
During the focus group session, practitioners reported that children often got distracted when there were multiple toys to engage with. Furthermore, they also observed that both mild and moderate children with ASD had the tendency to get distracted from time to time. Instead of engaging in functional play, they were seen focused on keeping the iPPy toys aligned and staring at them, especially when working with animal-typed toys. This is evident from the following claims made by some participant special education teachers.
"I think sometimes when they see animal toys, they tend to play with them by themselves without focusing on the iPad screen. Especially the children who have unique obsessions towards animals." -Special education teacher 2.
"I noticed some children tend to line-up toys or spin the toys without actually interacting with the iPad -Special education teacher 4.
Therefore, special education teachers claimed that additional help was required from them to keep the children engaged in such circumstances. This led to special education teachers having to get themselves more involved during play sessions to keep children with ASD focused on the game.
To solve this issue, special education teachers recommended that iPad application needs to be more active to keep the attention of children throughout the game. Therefore, to make the POMA software component more interactive, practitioners having a new functionality, which provides audio feedback to the children, are not interacting with the POMA software application. For instance, one practitioner proposed to have animal sounds when children are idling during animal activities to grab the children's attention back to the intervention. Therefore, to sustain the attention of children, a set of new audio clips were recommended to be included in the software application of POMA. These audio clips will be automatically played based on different activities when the children are not actively interacting with POMA.
Lesson 2: Design the structure of the tangibles to avoid Finger-Touching (FT) placement
Practitioners highlighted that by keeping the iPPy toys correctly on the iPad screen may help children with ASD improve their fine-motor skills. However, practitioners also explained due to children's deficits in fine-motor movements; they will require more practice to keep the toys correctly on the iPad screen.
"There were many cases we had to go hand in hand with the child to keep the toys properly on the iPad. But this is normal for children with ASD. Even to hold the chalk and draw something, they take a bit of time. But eventually, they succeed." -Special education teacher 4.
Interestingly, practitioner reported that there were instances where children were able to identify iPPy toys correctly; however, they were not able to place them correctly on the iPad screen. Practitioners reported that some of the children got frustrated keeping the iPPy toys on the iPad screen because their fingertips touch the iPad screen while they place the toys. Fingertips touching the iPad screen (FT-Placement) modifies the touchpoint pattern for identification. Hence, the iPad application notifies the child as an incorrect toy placement.
"I think it is hard for children with ASD to keep these flat surface toys (i.e., carrot, eggplant) on the iPad screen without touching the screen." -Special education teacher 1.
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Figure 4: Proposed modifications to avoid FT-placement
To avoid this issue, the author proposed and discussed several modifications to the iPPy toys with the practitioner. For instance, adding a rubber layer around the iPPy toys or adding a hook-on top of toys can also prevent children's fingers touching the iPad screen ( Figure 4 ). Even though modifying the toy designs to avoid FT-placements were discussed, one practitioner believed that these improvements were not required to the iPPy toys as she believed that placing the objects properly on the iPad is part of their learning process.
"Well, let's add another layer around the toy, but the layer should not change the shape of the toy. Children need to feel the shape of the toy." -Special education teacher 3.
However, at the end of the focus group session, all the practitioners agreed to modify the flat-surface tangibles by adding a non-conductive layer around the toys (see Figure 4 .a).
Lesson 3: Add appropriate helper cues via Graphics Interchange Format (GIF)
In addition to FT-placement, practitioners also reported that some children tend to get confused and keep the iPPy toys upside down (shape-type iPPy toys) while placing them on the iPad screen. Hence, the touch-point pattern could not be recognised by the system.
"Well, I also noticed children sometimes get confused about how to place the toys. For this star, the shapes look the same even if you turn it upside down, so children get confused, so I think it is good if we can show them how to place it from the iPad itself." -Special education teacher 4.
After discussing this issue with the practitioners, the author came up with a solution to avoid such behaviour by introducing visual cues on how to place the iPPy toys on the iPad screen within the Level 1 of the game. These visual cues include small slow-motion video clips (without sound) in Graphics Interchange Format (GIF) that demonstrate how to keep the toys properly on the iPad screen during the initial levels of POMA. 
Lesson 4: Avoid having tangibles with similar properties to identify different objects
Finally, practitioners discussed the importance of look and feel of the tangibles. Practitioners raised their concerns on how some children get confused with dog-shaped animal toy with the horse-shaped animal toy, as both of these toys are similar in size, a similar sense of touch and had a similar colour pattern (see Figure 5 ). Hence, practitioners discussed having unique properties for each of the tangibles so that children can identify the correct iPPy toys easily.
"We saw that a couple of children got confused with the dog and the horse. I think it is because they both have similar colours and size. Even the touch and feel are the same." -Special education teacher 5.
To avoid such issues practitioners recommended using a smaller and more familiar version of the dog toys and requested to avoid multiple tangibles with similar properties (i.e., colours, height, sense of touch) for the next versions of POMA.
Discussion
The main objective of this study is to explore the suitability of passive tangibles (tangibles with no electronic circuits embedded inside such as iPPy toys) for children with ASD in low-resource countries like Sri Lanka. The findings of this study revealed four main design implications and several approaches to improve iPPy toys to suit the needs of children with ASD better. These four design implications include the importance of audio prompts when the system is in idle state, utilising appropriate helper cues, graspable tangible structure and properties of the tangibles.
Designing TUIs to sustain a child's attention and upsidedown shape toys placement (UD -placements) are two of the main concerns that were raised by practitioners. For instance, while using iPPy toys with children with ASD, practitioners found out that children did not always engage with the intervention; rather, sometimes they get distracted with the iPPy toys. Practitioners observed that children tend to line-up toys or stare at the toys without engaging with the iPad application. In addition, practitioners also observed that children tend to keep the toys upside-down (UD-placement). The reason for behaviours like UD-placement and line-up toys can be due to visual stimming that can be seen in many children with ASD due to sensory processing disorders [5] . Sensory processing issues occur in 92% of the individuals with ASD [22] leaving spectrum of strengths and deficits such as visual stimming, fine-motor movements [17, 28] and tactile profile. However, some studies show that individuals with ASD have superior performance on selective attention on tasks such as visual search [29] . However, in our study, all the tasks were based on object discrimination principles and continued each task for 10-20 minutes, which may have led to distractions. However, in our future work, we plan to investigate on tasks that are grabbing more attention from children with ASD with a lesser timeframe. Additionally, to support the sensory integration issues of children with ASD, prior researchers often use lights and sounds embedded in the tangible components as interactive active tangibles [2, 18, 41] . For instance, a prior study [10] has designed smart objects to support object discrimination training for children with ASD. This study uses led lights and sounds embedded in the tangibles to support the sensory needs of children with ASD [10] . In addition to the sensory needs of the children with ASD, another issue we face during evaluation is UD-placement. Some of the children were not able to distinguish the correct side to place while placing shape-type iPPy toys. To avoid such behaviours for shape-related tangibles, prior studies have designed shape tangibles that work with all sides [18, 33] . These tangibles are designed with optic sensors and neodymium magnets to get identified from the software system. However, in our study, to make the iPPy toys more affordable and durable (i.e., washable) we did not embed any electronic equipment inside the toys and used conductive foam touchpoint patterns to make toys recognisable by the iPad screen. Due to these reasons, we were not able to use iPPy toys as a medium to give feedback to the children. Therefore, all sensory reinforcements and feedback need to be provided from the iPad application of POMA. Prior studies have found that sensory reinforcements, continuous feedback upon correct responses are important when designing computer-based interventions for children with ASD [33] . However, our study found out that in addition to the aforementioned feedback mechanism, additional cues (i.e., helper cues in an animated GIF format and additional audio prompts when children are in the idle stage) are required in the software applications when designing passive tangibles for children with ASD.
Additionally, we further found out that the structure of the tangibles is also critical for successful TUI-based autism intervention. For instance, some of the children were not able to use flat-surface toys as they tend to touch the iPad screen when placing the iPPy toys (FT-placement). Since the iPPy toy identification and interactions with the iPad are based on the touchpoint patterns, it is important for children to place the toys on the iPad without touching the iPad screen. To avoid similar disruptions, prior researchers have used flat base in the bottom of each toy (i.e. tangible farm animals) [20] . Although we used similar approaches for animal type toys (see Figure 5 ), it is not feasible to use the same approach for flat-surface fruits and vegetable toys as practitioners claim that placing fruits and vegetables on a base can affect the shape of the fruits and vegetable toys. Hence, we proposed a non-conductive layer around the flat-surface ( Figure 4 ) to avoid FT-placements. This, however, is not only common for iPPy toys. Most children with ASD have fine-motor skill deficits [27] . Hence, when designing flat-surface tangibles children with ASD with touchpoint patterns matching technology, it is critical to incorporate nonconductive layers around the toys to avoid FT-placements.
Finally, another lesson we learnt from this study is to avoid having tangibles with similar properties to identify different objects. This finding also supports Piaget's cognitive developmental theory. According to Piaget's theory, children construct knowledge via schemas. Children use assimilation to progress their surroundings and relate to things, such as objects and processes, that they already know by recognising similarities [26] . Hence, in order for children to recognise and identify different objects as new schemas, it is important to emphasise their differences. For instance, for horse type toy, it is critical to emphasise the unique properties of the horse in the design, and it should be dissimilar to the dog-shaped toy. Hence, when designing TUIs with multiple tangibles, it is critical to avoid multiple tangibles having similar properties.
Conclusion
In this paper, we present the preliminary evaluation of a TUIbased intervention designed to support children with ASD in low-resource countries like Sri Lanka. Based on the evaluation, this paper discusses several lessons learned when using passive tangibles with children with ASD. These lessons encompass the importance of including audio prompts when the system is in idle state, using appropriate helper cues, easy-to-handle nature of the tangibles and the properties of the tangibles. In our future work, we aim to further improve iPPy toys based on this study and evaluate the long-term impact of iPPy toys for children with ASD.
